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Physiological Responses During Racing Kart Driving
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Abstract Physiological monitoring was carried out during the motor sport of Racing Kart driving. In addition
to highlighting the importance of physiological measurement during motor sports, this study may have social
relevance through its potential to contribute to decreasing automobile accidents in overload situations by using
appropriate biosignals. The measurement quantities collected in this study were instantaneous heart rate, HR,
vector magnitude of acceleration, G, blood pressure, BP, and core body temperature, Teardrum．After giving
informed consent 11 healthy male subjects(34.4± 7.7 S.D. yrs)were tested in the racing circuit. We successfully
monitored the physiological variables during karting, finding a statistically significant decrease in BP(p＜ 0.01)
and a rise in Teardrum(p＜ 0.01)immediately after the driving period. In addition, we have confirmed that HR was
maintained at approximately 150bpm, which, by means of time-frequency analysis, could be explained by
sympathetic acceleration. Furthermore, it is strongly suggested that the rise in HR could be closely related to the
G forces to which the drivers were subjected. These results clearly disclose to us one aspect of the possible
physiological responses and the importance of physiological monitoring during motor sports.
Keywords : blood pressure, core body temperature, heart rate, motor sports, racing kart.
























長 1,800 mm，全幅 1,400 mm，全高 800 mm，重量 140 kg
（ドライバー含む）であり，F1 マシンの全長 4,800 mm，
全幅 1,800 mm，全高 950 mm，重量 605 kg（ドライバー
生体医工学
47(2)：154-165, 2009 研 究
2008年 12月 22日受付，2009年 2月 18日改訂
Received December 22, 2008 ; revised February 18, 2009.
*金沢大学大学院自然科学研究科
Graduate School of Natural Science & Technology, Kana-
zawa University
**千葉大学大学院工学研究科
Graduate School of Science and Technology, Chiba
University
***国立精神・神経センター精神保健研究所成人精神保健部
Department of Adult Mental Health, National Institute of
Mental Health, National Center of Neurology and
Psychiatry
金城大学短期大学部ビジネス実務学科



































































































生体医工学 47巻 2号（2009年 4月）（156）
図 2 実験セットアップとレーシングサーキット
Fig. 2 Outline of experimental setup for physiological measurements during racing kart driving.
図 3 レーシングカートの仕様














た収縮期血圧（systolic blood pressure；SBP mmHg），拡
張期血圧（diastolic blood pressure；DBP mmHg）．深部
体温の代表として鼓膜温度（eardrum temperature；
Teardrum℃）．一心拍毎の RR間隔（msec）より得られた瞬













(AC-301A, GMS Co. Ltd., Tokyo) (HEM-6371T, Omron Corp., Kyoto) (MC-501, Omron Corp., Kyoto)
ECG-RR Acceleration
Measurement Method , , Cuff Oscillometric Radiation Thermometry








Measurement Range 200 to 4096 ms 0 to 4.0 G 0 to 299 mmHg 34.0℃ to 42.2℃
Operation Temperature/
Humidity
, , 10℃ to 40℃/30 to 85％ RH 10℃ to 40℃
Main Unit Dimensions 80.0(W)-52.0(H)-17.0(D)mm3
78.0(W)-65.5(H)-37.2(D)mm3
(not including the wrist cuff)
45.0(W)-94.0(H)-58.0(D)mm3
Main Unit Weight 72 g(including batteries) 150 g(not including batteries) 50 g(including batteries)
表 2 被験者毎の基本情報，そして血圧と深部体温の計測結果






















[yrs] [yrs] [℃] [％] [mmHg] [℃]
01 34 3 Cloudy 13.1(0.2) 66(4) 126/75 107/66 122/79 36.0 36.6 36.4 Spinout at 24 min
02 30 3 Cloudy 14.0(0.5) 62(1) 119/86 110/85 107/79 35.7 35.8 36.0 Spinout at 20 min
03 26 2 Cloudy 13.9(0.2) 66(5) 119/84 97/61 117/73 36.1 36.4 36.0 Spinout at 26 & 31 min
04 31 4 Cloudy 13.7(0.4) 70(2) 118/76 114/73 110/70 35.4 36.0 36.0 ,
05 34 5 Cloudy 12.1(0.2) 82(1) 117/76 115/72 119/70 36.5 36.6 36.2 ,
06 30 6 Cloudy 11.5(0.3) 84(2) 117/78 112/70 111/73 36.2 36.5 36.2 Machine trouble at 20 min
07 33 4 Fine 18.0(0.1) 40(2) 121/77 107/73 109/78 36.2 36.8 36.5 ,
08 28 2 Fine 18.8(0.4) 39(1) 116/76 105/69 108/64 35.7 36.0 36.0 ,
09 34 5 Fine 20.6(0.2) 33(2) 119/81 117/66 115/81 36.0 36.8 36.4 ,
10 58 18 Fine 21.5(0.6) 31(1) 124/78 104/67 107/60 36.0 37.5 36.4 Reach the end of his tether at 26 min
11 30 1 Fine 21.3(0.3) 34(1) 116/73 107/75 107/75 35.8 36.0 36.0 ,
Mean 33.46 4.82 16.2 49 119/78 109/71 112/73 36.0 36.5 36.2
S.D. 8.15 4.41 3.9 20 3.2/4.0 5.8/6.3 5.4/6.6 0.3 0.5 0.2






けた健常男性成人 11 名（34.4 ± 7.7（S.D.）歳）であっ
た．また，安全性を考慮して，SL カートライセンス






実験は，天候の良好であった平成 20年 11月 11日〜12





































（high frequency band；HF：0.15〜0.4 Hz）のパワー値
PHF(RR)は心臓迷走神経活動をよく反映する指標[16, 17]
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図 4 実験の手順
Fig. 4 Outline of experimental procedure.
表 3 運転中における被験者毎の最高･最低･平均 Gの計測結果
Table 3 Results of maximum, minimum, and mean Gravity
between individuals during driving session.
Subject No. Max. Gravity Min. Gravity Mean Gravity
[mG] [mG] [mG]
01 2044 152 647
02 2328 184 642
03 2392 176 668
04 2684 176 614
05 2284 164 654
06 1892 180 552
07 2352 152 732
08 2808 180 778
09 2212 160 757
10 2064 224 746
11 3052 182 703
Mean 2374 175 681
S.D. 349 20 69




























Fig. 5 Typical example of 40-min trend-charts of Acceleration，HR，PHF(RR)，PLF(RR)，P(LFMF)(RR)
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図 6 平均心拍数±標準偏差（S.D.）の時系列変化






Fig. 7 Means ± SEMs of the sympatho-vagal activity ba-
lance during baseline，driving，and recovery session
analyzed by the normalized PHF (RR)，PLF (RR)，
and P (LFHF) (RR) trend-charts. Asterisks indicate
significant deviation according to theWilcoxon test(＊p
＜ 0.05，＊＊p＜ 0.01)．See text for details.
図 8 ベースライン，走行，そして回復期間における収縮期血
圧 SBP，拡張期血圧 DBP，そして鼓膜温 Teardrumの変化．
平均値±標準誤差（S.E.M.）を表す．
Fig. 8 Means± SEMs of the SBP，DBP，and Teardrum during
baseline，driving，and recovery session. Asterisks
indicate significant deviation according to the Wilcox-
on test(＊p＜ 0.05，＊＊p＜ 0.01)．See text for details.
周期的に変化している様子が判る．表 3は被験者毎の走
行中の最高，最低，平均 Gをまとめた結果である．全被


























Fig. 9 Result of 45-min trend-charts of Acceleration，HR，PHF(RR)，PLF(RR)，P(LFHF)(RR)，and Lap















行直後，走行 5分後の収縮期血圧 SBP，拡張期血圧 DBP，
そして鼓膜温 Teardrumの平均値±標準誤差（S.E.M.）で整
理した結果を示す．走行直後に関しては，統計有意な
SBPと DBPの低下（p＜ 0.01），そして Teardrumの上昇（p
＜ 0.01）が確認された．また，安静休息した 5分後も，統

















均 0.7 G（体重 65 kgの人で約 46 kg）もの加重を受けてい
た．フルバケットシートであるために，コーナーにおいて
の圧力集中による脇腹への負担が非常に大きく，瞬間的に




























































































































け る 平 均 値（149.9bpm：n ＝ 11）と 雨 天 走 行 時
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